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Abstract  Any  dysfunction  in  olfaction  requires  a  radiological  exploration  comprising  the  nasal
cavity, the  anterior  base  of  the  skull,  in  particular  the  frontal  and  temporal  lobes.  MRI  is  the  ref-
erence examination,  due  to  the  frontal  plane  and  the  T1,  T2  volume  maps.  In  the  child,  aplasia  of
the olfactory  bulbs  falls  within  a  polymalformation  (CHARGE)  or  endocrine  (Kallman)  context.  In
the adult,  rhino  sinus  disease  and  meningiomas  are  the  most  common  etiologies.  Frontal  or  tem-Scanography poral impairment:  tumoral  or  vascular  and  neurodegenerative  disorders  (Parkinson’s  disease)
may accompany  a  loss  of  olfaction.
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Anatomy of the olfactory system
Neuroepithelium and olfactory nerve
The  olfactory  epithelium  lines  the  roof  of  the  nasal  cav-
ity,  the  upper  part  of  the  nasal  septum  and  the  superior
turbinates  (Fig.  1a).  It  contains  support  cells,  Bowman’s
glands  and  Schultze’s  olfactory  sensory  neurons  considered
as  protoneurons  [1].  These  neurons  are  bipolar:  their  den-
drites  come  into  contact  with  the  surface  of  the  epithelium
while  the  axons  group  in  bundles  called  ﬁlia.  They  are
surrounded  by  a  Schwann  sheath.  These  ﬁlia,  about  20  in
number  on  each  side  of  the  nasal  cavity,  form  the  olfac-
tory  nerves  that  pass  through  the  foramen  of  the  cribriform
plate.∗ Corresponding author.
E-mail address: leboucq.nicolas@neuf.fr (N. Leboucq).
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lfactory bulbs and tract
he  olfactory  nerves  come  into  contact  with  the  olfactory
ulbs:  ovoid  structures  on  the  cribriform  plate  (Fig.  1a,  b,  c,
).  They  are  emanations  from  the  brain  and  contain  the  sec-
nd  bipolar  neurons  (deutoneurons)  still  called  mitral  cells.
he  axons  of  the  mitral  cells  develop  in  the  olfactory  tract
nder  the  olfactory  sulcus  between  the  right  gyri  and  the
edial  orbital  gyri.
In  front  of  the  anterior  perforated  substance,  the  tract
ivides  in  lateral,  medial  and  intermediate  stria  [2].
he olfactory cortical and subcortical areas
he  medial  stria  [4]
hey  go  to  the  septal  nuclei  of  the  subcallosal  area  (Fig.  2).
wo  bundles  leave  from  this  area:  the  medullary  stria  that
eads  to  the  habenula  nuclei,  in  connection  with  the  reticu-
ar  formation,  the  salivary  nuclei  and  the  dorsal  nucleus  of
,  and  the  olfacto-hypothalamo-tegmental  bundle  [3].
. Published by Elsevier Masson SAS. All rights reserved.
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Figure 1. Olfactory neuroepithelium, bulbs and olfactory tract: anatomy in MRI. a: front section T2: olfactory neuroepithelium under the
cribriform plate (white arrow) and olfactory bulbs (tip of white arrow); b: sagittal section T2 CISS: olfactory bulb placed on the cribriform
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yrus and the medio-orbital gyrus; d: sagittal section T2 CISS: olfac
These  connexions  between  the  septal  area  and  the
rain  stem  via  the  habenula  and  the  hypothalamus
re  responsible  for  reactions  of  salivation  or  nausea,
odiﬁcation  in  the  gastrointestinal  peristalsis,  accord-
ng  to  whether  the  odor  is  recognized  as  agreeable  or
ot.
he  lateral  stria  [4]
hey  go  to  the  medial  side  of  the  temporal  lobes  (Fig.  2).  The
ain  cortical  structures  with  which  the  lateral  stria  come
nto  contact  are  from  front  to  rear:  the  pre-piriform  cortex
nd  the  pre-amygdale  cortex,  then  the  uncus  and  ﬁnally  the
ara-hippocampus  cortex  covered  by  the  entorhinal  cortex.
he  para-hippocampus  circumvolution  (area  28)  communi-
ates  with  the  hypothalamus,  then  with  the  mediodorsal
ucleus  of  the  thalamus  and  beyond  with  the  orbito-frontal
ortex  and  the  insula.  These  structures  and  their  projection
outes  intervene  in  the  characterization  and  memoriza-
ion  of  odors  as  well  as  in  behavior  processes  as  different
s  food  preferences,  sexuality  or  even  the  mother—child
ond.
M
t
fhite arrow) under the olfactory sulcus located between the right
tract under the frontal lobe (tip of white arrow).
he  intermediate  stria  [2]
n  the  olfactory  tubercles,  they  lead  to  archaic  structures
hat  have  disappeared  in  depth  to  leave  room  for  the  ante-
ior  perforated  substance.
adiological exploration of the olfactory
ystem
he CT-scan
ith  multiplane  reconstructions  and  bone  windows,  the  CT-
can  is  indicated  for  the  exploration  of  the  ethmoid,  nasal
avity  as  well  as  the  base  of  the  skull.
he MRIRI  is  the  reference  examination  to  analyze  the  entire  olfac-
ory  system  [5].
The  use  of  superﬁcial  antennae  is  classically  indicated
or  a  high-resolution  study  of  the  olfactory  neuroepithelium,
The  olfactory  system  
Figure 2. Beginning of the lateral and medial stria in the anterior
perforated space: anatomy in MRI. Axial view T2 CISS. The lateral
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hypogonadism  with  anosmia.  Several  genetic  mutations  haveolfactory stria is indicated by the white tip of an arrow, the medial
olfactory stria by a white arrow.
the  bulbs  and  the  tract  at  1.5  Tesla.  Currently,  multichannel
antennae,  in  particular  at  3  Tesla,  enable  sufﬁcient  spatial
resolution  to  be  free  of  surface  antennae.
The  coronal  plane  is  the  reference  plane  for  the  analysis
of  the  nasal  cavity,  the  bulbs  and  olfactory  tract.  T2,  T1  2D
sequences  in  2  mm  coronal  sections  explore  the  olfactory
system  up  to  the  anterior  perforated  space.
3D  sequences  of  the  CISS  or  DRIVE  type,  strongly  weighted
in  T2  allow  for  ﬁne  multiplane  analysis  of  the  bulbs  and
olfactory  tract  due  to  their  substantial  difference  in  signal
with  that  of  the  LCR.
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Figure 3. Down’s syndrome patient presenting ethmoido-sphenoidal 
ethmoido-sphenoidal meningo-encephalocele (tip of white arrow), righ
sagittal section T1: ethmoido-sphenoidal meningo-encephalocele (tip of 
hypertrophia of the chiasm, absence of pituitary gland, hypoplasia of th987
3D  gradient  echo  sequences  T1  or  T2  TSE  have  the  advan-
age  of  exploring  the  entire  olfactory  system.
T1  sequences  with  injection  are  carried  out  with  fat  sat-
ration  to  analyze  the  nasal  cavity,  the  bulbs  and  the  base  of
he  skull  and  in  3D  to  explore  all  the  endocranial  olfactory
tructures.
The  diffusion  sequence  may  be  useful  in  case  of  infectious
r  tumoral  disease.
isease of the olfactory nerves, bulbs and
lfactory tract
he congenital etiologies
he  absence  of  olfactory  lobes,  called  arhinencephaly,  may
e  isolated  or  associated  with  many  anomalies  involving  the
ace  and  brain.  The  facial  anomalies  are  mainly  hypopla-
ia  or  absence  of  nose  (arrhinia),  a  cyst  of  the  back  of  the
ose  communicating  with  the  base  of  the  skull,  a  median
left  lip  and  palate.  The  brain  malformations  are  median:
ypoplasia  or  agenesia  of  the  corpus  callosum,  impairment
f  the  hypothalamic-pituitary  axis,  lobar  holoprosencephaly,
edian  lipoma  or  even  fronto-naso-ethmoidal  encephalo-
ele  (Fig.  3a,  b)  [6].
Hypoplasia  of  the  olfactory  bulbs  may  be  included  in  mul-
imalformative  syndromes  such  as  the  CHARGE  syndrome,
allmann  syndrome  or  even  craniotelencephalic  dysplasia.
The  CHARGE  syndrome  [6]  (coloboma,  cardiopathy,
hoanal  atresia,  retarded  growth  and  development,  genital
nd  ear  anomalies)  is  secondary  to  a  microdeletion  of  chro-
osome  22q11.2  with  mutation  of  gene  CDH7. Hypoplasia
f  the  olfactory  tract  should  be  systematically  investigated.
Kallmann  syndrome  [6,7]  associates  hypogonadotropiceen  identiﬁed:  KAL1  on  chromosome  Xp22.3  for  the  X
orms,  FGFR1  on  chromosome  8p11.2  for  the  dominant  auto-
omal  forms.  The  MRI  reveals  an  absence  of  olfactory  sulcus
meningo-encephalocele: exploration by MRI. a: front section T2:
t fronto-basal dysplasia, absence of olfactory bulbs; b: median
white arrow), lipoma prolonging the terminal plate (white arrow),
e corpus callosum.
9 N.  Leboucq  et  al.
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Boxed  text  1  Main  benign  tumors  involving  the
nerves,  bulbs  and  olfactory  tract.
• Meningioma
• Papilloma
• Schwannoma
• Adenoma
• Tumor  of  the  median  line  (craniopharyngioma,
pituitary  gland  tumor)
• Osteoma
• Fibrous  dysplasia
• Giant  cell  tumor
Boxed  text  2  Main  malignant  tumors  involving  the
nerves,  bulbs  and  olfactory  tract.
• Sthesioneuroblastoma
• Squamous  cell  carcinoma
• Adenoid  cystic  carcinoma
• Rhabdomyosarcoma
• Metastases
C
b
2
o
p
o
f
l
f
F
b88  
nd,  in  the  severe  forms  or  hypoplasia,  not  very  marked  atro-
hy  of  the  frontal  and  temporal  lobes  [8],  a  small  pituitary
land.  A  cleft  palate,  dental  agenesis  and  renal  anomalies
ay  coexist  (Fig.  4a,  b).
Craniotelencephalic  dysplasia  [6]  associated  with  cran-
ostenosis  (oxycephalia,  trigonocephalia),  microphtalmia
ith  hypoplasia  of  the  optic  nerves,  absence  of  olfactory
erves,  polymicrogyria,  frontal  cysts,  absent  septum  and
tenosis  of  the  aqueduct.
The  exploration  of  an  anosmia  with  median  craniofacial
nomalies  should  include  a  CT-scan  of  the  bone  windows
nd  a  3D  reconstruction  to  study  the  bones  of  the  nose,  the
asal  cavity  (septum,  palate,  posterior  nasal  apertures),  the
ase  of  the  skull  and  an  MRI  to  search  for  an  anomaly  of  the
edian  line.
The  CT-scan  is  indicated  for  the  CHARGE  syndrome  to  look
or  choanal  atresia  and  an  anomaly  of  the  ears.
he inﬂammatory and infectious etiologies
cute  and  chronic  rhinosinusitis  may  result  in  hyposmia
y  the  formation  of  a  mucous  oedema  preventing  the
ow  of  air  carrying  the  fragrant  signals  from  reaching  the
lfactory  epithelium  [9].  Recently,  a  local  inﬂammatory
ntity,  characterized  by  opacity  ﬁlling  the  isolated  olfac-
ory  cleft  has  recently  been  described,  resulting  in  anosmia
10].
Granulomateous  inﬂammatory  disorders  (sarcoidosis,
egener’s  granulomatosis)  or  even  Sjögren’s  syndrome  may
nduce  hyposmia.
he tumoral etiologies
he  benign  tumors  (Boxed  text  1)  [11]  most  often  found
re  the  olfactory  meningiomas  (Fig.  5a,  b)  and  those  of
he  small  sphenoid  ridge.  This  location  may  induce  anosmia
ith  a  homolateral  optical  atrophy  and  a  contralateral  papil-oedema  (Foster-Kennedy  syndrome)  [3]  (Fig.  6a,  b).  The
chwannomas  develop  from  olfactory  nerves  (amyelinic).
umors  with  OECs  (olfactory  ensheathing  cells)  [12]  are
istologically  close  to  the  schwannomas  but  they  are
T
C
n
igure 4. Patient with Kallmann syndrome: exploration by MRI. a: fro
ulbs; b: median sagittal section: small pituitary gland.• Lymphoma
• PNET
D57-  and  are  derived  from  the  glial  cells  of  the  olfactory
ulbs.
Malignant  tumors  [11]  are  of  different  origins  (Boxed  text
).  Esthesioneuroblastoma  (Fig.  7a,  b,  c)  is  rare.  Devel-
ped  from  the  olfactory  epithelium,  it  crosses  the  cribriform
alate  to  spread  to  the  anterior  cerebral  fossa.  The  presence
f  calciﬁcations  and  peripheral  cystic  cubicles  are  speciﬁc
or  this  tumor.  It  may  metastasise  to  the  cervical  ganglia,
ungs,  bones  and  meninges.  Genetic  mutations  have  been
ound  on  chromosomes  3p  and  17q.he traumatic etiologies
omplex  craniofacial  fractures  (Fig.  8a,  b)  involving  the
asofrontal  region,  the  sockets  and  the  anterior  cerebral
nt section T2: olfactory sulcus not very deep. Absence of olfactory
The  olfactory  system  989
Figure 5. Meningioma of the olfactory groove: exploration by MRI. Front T1 (a) and axial T1 sections with contrast (b): front T2 (c) median
sub-basi-frontal extra-axial formation in hyposignal T2, with homogenous contrast enhancement.
Figure 6. Meningioma of the aliform process of the left sphenoid: exploration by MRI. Front T2 (a), front T1 with contrast (b).
Figure 7. Esthesioneuroblastoma: exploration by MRI. Front sections T2 (a) and T1 with injection (b), median sagittal section T1 with
injection (c): expansive formation developed from the olfactory neuroepithelium and transﬁxing the cribriform plate. Antecedents of
meatotomy and right turbinectomies.
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Figure 8. Craniofacial Lefort III disjunction. Patient victim of multiple trauma with Lefort III craniofacial disjunction, irradiating towards
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ehe frontal and anterior cerebral cavity. CT assessment. Front (a) a
thmoid, cribriform plate and frontal bone.
ossa  are  responsible  for  dilacerations  of  the  nerves,  bulbs
nd  olfactory  tract  [11].
athology of the olfactory cortical and
ubcortical centres
umoral or vascular lesions [10]
umoral  or  vascular  lesions  involving  the  frontal  or  temporal
obes,  especially  if  on  the  right  [13],  may  induce  hyposmia
r  anosmia.  The  tonsils  represent  the  temporal  zone  most
ften  responsible  for  olfactory  disorders  [10].
pileptic seizurespileptic  seizures  starting  from  the  internal  temporal,  espe-
ially  mesial  scleroses  (Fig.  9a,  b),  may  begin  with  an
lfactory  aura  [14].
F
•
igure 9. Mesial sclerosis. Female patient with antecedents of pyreti
lfactory auras: exploration by MRI. Front sections in T2 (a) and FLAIR (b
specially visible in FLAIR.gittal (b) sections: complex bone fracture passing by the sockets,
eurodegenerative diseases
arkinson’s  disease  may  be  detected  much  before  the
otor  disorders  by  anosmia  [15].  This  hyposmia  or  anos-
ia  is  a  good  differential  sign  between  Parkinson’s  disease
nd  essential  tremor  or  other  Parkinsonian  syndromes.  It
s  concomitant  with  atrophy  of  the  olfactory  bulbs,  as
onﬁrmed  by  morphometric  studies  [16].  This  atrophy  is
ttributed  to  an  increase  in  the  number  of  dopaminergic
ells  in  the  olfactory  bulbs  that  will  inhibit  the  olfactory
nﬂow.
Alzheimer’s  disease,  dementia  with  lewy  bodies  may
ccompany  an  olfactory  dysfunction  [17,18].inally, to be complete
Down’s  syndrome  (trisomia  21)  (Fig.  3a,  b),  Klinefelter’s
syndrome  (47  XXY);
c convulsions in childhood presenting temporal lobe epilepsy with
): sharp hippocampus atrophy with cortico-subcortical hypersignal
R[
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[
[
[
[18] Olichney JM, Murphy C, Hofstetter CR, Foster K, Hansen LA,
Thal LJ, et al. Anosmia is very common in the Lewy body
variant of Alzheimer’s disease. J Neurol Neurosurg Psychiatry
2005;76(10):1342—7.The  olfactory  system  
• HIV  infection;
• ADHD  (attention  deﬁcit,  hyperactivity  disorder)  [1];
• certain  endocrine  diseases  (diabetes,  Addison’s  disease);
• intoxication  with  heavy  metals  (lead)  or  benzene;
• certain  drugs  such  as  cortisone  or  antibiotics  (macrolides,
tetracyclines);
• alcohol,  morphine  [1,8].
All  of  these  etiologies  have  been  reported  as  responsible
for  hyposmia  or  anosmia.
Conclusion
Although  smell  is  an  archaic  function  in  man,  the  anatomy  of
the  nervous  and  central  structures  of  olfaction  are  complex
and  their  intervention  in  several  cognitive  and  emotional
processes  invite  the  interest  of  clinicians  and  radiologists
since  the  loss  of  olfaction  may  be  a  symptom  revealing  highly
varied  etiologies.  The  CT-scan  is  useful  in  the  study  of  the
nasal  cavity  and  the  base  of  the  skull,  the  MRI  is  the  refer-
ence  examination  for  the  study  of  the  olfactory  tract  and
the  centres  of  olfaction.
TAKE-HOME  MESSAGES
• The  anatomy  of  the  olfactory  system  is  complex,
comprising  a  system  of  odor  receptors  (olfactory
neuroepithelium,  olfactory  nerves),  pathways  for
the  transmission  of  olfactory  information  (bulbs  and
olfactory  tract)  and  structures  for  the  recognition,
discrimination  and  memorization  of  odors  (the
olfactory  cortical  areas).
• The  MRI  is  the  reference  examination.  The  coronal
incidence  and  the  volume  acquisitions  in  ﬁne
collimation  ﬁne  are  ideal  for  the  study  of  the  nerves,
bulbs  and  olfactory  tract.
• The  CT-scan  is  indicated  for  the  analysis  of  the  nasal
cavity  and  the  base  of  the  skull.
• Rhinosinusitis,  meningiomas  are  the  most  common
causes  of  impairment  of  the  olfactory  nerves  and
bulbs.
• Agenesia  or  hypoplasia  of  the  bulbs  and  olfactory
sulcus  should  be  investigated  when  confronted
with  arhinia,  a  CHARGE  syndrome  or  a  Kallmann
syndrome.
• Tumoral  or  vascular  impairment  of  the  frontal  or
temporal  lobes,  especially  if  on  the  right,  induce
hyposmia  or  anosmia.
• Neurodegenerative  disorders  (Parkinson’s  disease,
Alzheimer’s  disease)  are  accompanied  by  olfactory
impairment.
• Anosmia  is  an  early  sign,  prior  to  motor  impairment
in  Parkinson’s  disease.Disclosure of interest
The  authors  declare  that  they  have  no  conﬂicts  of  interest
concerning  this  article.991
eferences
[1] Sanders RD, Gillig PM. Cranial nerve I. Psychiatry
2009;6(7):30—5.
[2] Delmas A. Les voies olfactives et le lobe olfactif : paléocor-
tex. In: Masson, editor. Voies et centres nerveux. 10e ed. Paris:
Masson; 1981. p. 218—20.
[3] Duus P. Le nerf olfactif. In: Von Hassler R, editor. Diagnostic
neurologique les bases anatomiques. 6e ed. Paris-Bruxelles: De
Boeck Université; 1998. p. 109—11.
[4] Kahle W. Paleocortex. In: Cabrol C, editor. Anatomie 3 système
nerveux. 2e ed. Paris: Flammarion-Médecine-sciences; 1990. p.
210.
[5] Casselman J, Mermuys K, Delanote J, Ghekiere J, Coenegrachts
K. MRI of the cranial nerves-more than meets the eye: technical
considerations and advanced anatomy. Neuroimaging Clin N Am
2008;18(2):197—230.
[6] Barkovitch AJ, Raybaud C. Congenital malformations of brain
and skull. In: Barkovitch AJ, Raybaud C, editors. Pediatric
neuroimaging. 5th ed. Philadelphia: Lippincot Williams and
Wilkins; 2012. p. 450—62.
[7] Huart C, Meusel T, Gerber J, Duprez T, Rombaux P, Hum-
mel  T. The depth of the olfactory sulcus is an indicator
of congenital anosmia. AJNR Am J Neuroradiol 2011;32:
1911—4.
[8] Yousem DM, Geckle RJ, Bilker W,  McKeown DA, Doty RL. MR
evaluation of patients with congenital hyposmia or anosmia.
AJR Am J Roentgenol 1996;166:439—43.
[9] Pinto JM. Olfaction. Proc Am Thorac Soc 2011;8(1):
46—52.
10] Trottier D, Bensimon JL, Herman P, Tran Ba Huy P, Doving
KB, Eloit C. Inﬂammatory obstruction of the olfactory clefts
and olfactory loss in humans: a new syndrome? Chem Senses
2007;32(3):285—92.
11] Abolmaali N, Gudziol V, Hummel T. Pathology of the olfactory
nerve. Neuroimaging Clin N Am 2008;18(2):233—42.
12] Yasuda M, Higuchi O, Takano S, Matsumara A. Olfac-
tory ensheathing cell tumor: a case report. J Neurol
2006;76(2):111—3.
13] Daniels C, Gottwald B, Pause BM, Sojka B, Mehdorn HM, Fer-
stl R. Olfactory event-related potentials in patients with brain
tumors. Clin Neurophysiol 2001;112(b):1523—30.
14] Chen C, Shin Y, Yen DJ, Lirng JF, et al. Olfactory
auras in patients with temporal lobe epilepsy. Epilepsia
2003;44(2):257—60.
15] Ponsen MM, Stoffers D, Twisk JW, Wolters EC, Berendse
HW. Hyposmia and executive dysfunction as predictors of
future Parkinson’s disease: a prospective study. Mov Disord
2009;24(7):1060—5.
16] Wang J, You H, Liu JF, Ni DF, Zhang ZX, Guan J. Association
of olfactory bulb volume and olfactory function in patients
with Parkinson disease. AJNR Am J Neuroradiol 2011;32:
677—81.
17] Schubert CR, Carmichael CL, Murphy C, Klein BEK, Klein R,
Cruickshanks KJ. Olfaction and the 5-year incidence of cog-
nitive impairment in an epidemiologic study of older adults. J
Am Geriatr Soc 2008;56(8):1517—21.
